Abstract. The experimental data are analysed with the following conclusions. The molecular decay time TO of a thin anthracene crystal lamina at room temperature is 10 nsec. The thick crystal values are increased by self-absorption to 31 6 nsec (volume excitation, e.g. by prays), 24.1 nsec (surface excitation, e.g. by ultra-violet or ways, and emission observed by transmission) and 19.4 nsec (surface excitation, and observation by reflection). Surface oxidation or reduction in crystal thickness yields lower values. For microcrystals of dimensions comparable with the exciton mean free path ( IV. 0.1 ,U), the decay time is reduced below TO due to premature conversion of excitons into photons at the crystal surface.
MANY MFASUREMENTS of the photo-fluorescence and scintillation decay time T of crystalline anthracene at room temperature have been reported, the values ranging from 3 nsec to beyond 30 nsec. This note offers an explanation of the apparent discrepancies.
Consider initially a thin anthracene crystal lamina, thickness do, in which the selfabsorption coefficient a (fraction of primary fluorescence photons reabsorbed in the crystal) is negligible, yet whose dimensions exceed the exciton mean free path 1 in a large crystal, which is -0.1 p (Kucherov and Faidysh 1958) . These two criteria are not fully compatible, but a thin lamina whose area is large compared to do approximates to the conditions. The crystal must also be free from surface oxidation, impurities and major defects.
The fluorescence decay time of such a crystal is defined as the molecular decay time TO of crystalline anthracene. If the number of molecules initially excited at time t = 0 is no, and at subsequent time t is n, then where ki, ki are the rate parameters (sec-1) of fluorescence and quenching. Hence
The closest approach to the direct observation of T~ appears to be that of Kallmm and Brucker (1957) single-flake and double-flake reflection values indicates that a was small, though not quite negligible. A value of TO = 10 nsec appears consistent with these data.
The effect of finite self-absorption is to increase T (Birks 1954) . Equation (1) 
, when the crystal surface is excited by ultra-violet photons, a-particles or low energy particles, and the emission is observed in reflection; and (iii) Tst for similar surface excitation, when the emission is observed in transmission.
The ratio of the areas under the technical transmission spectrum and molecular spectrum is 0.24, corresponding to a = 0.76 (Birks and Wright 1954) . Substituting U = 0.76, 40 = 0.9, TO = 10 nsec in (5) we obtain T~ = 31.6 nsec. This value is in excellent agreement with the experimental value of T~ = 31( rf: 2) nsec obtained by Sangster and Irvine (1956) as the mean of the results of six independent observers. 7v is insensitive to surface oxidation, and hence there is good agreement between the several measurements of this quantity.
The ratio of the areas under the technical reflection spectrum and molecular spectrum is 0.46, corresponding to a = 0.54 (Birks and Wright 1954) , and substitution in (5) yields T~ = 19.4 nsec. Only one experimental determination of T= appears to have been made, that by Kallmann and Bmcker (1957) who used 5 MeV a-particles for excitation a d obtained T= = 16( i 2.6) nsec. The slight discrepancy might be due to surface oxidation, which readily reduces the observed value of T for surface-excited anthracene.
For surface excitation and observation of the transmitted emission, the effective value of a is the mean of the reflection and transmission values, namely a = 0.65. Substitution in (5) yields Tst = 24.1 nsec. This is in exceuent agreement with the value of 7st = 24.2 nsec obtained by Hamilton (1957) from a careful investigation using photoexcitation of freshly cleaved crystal surfaces. It also agrees closely with the Value of 7st = 23.8 ( k 1.1) nsec obtained by Kallmann and Brucker (1957) Volume excitation of a given specimen yields a higher value of T than surface excitation. Hade and Jansen (1954) observed T = 26 nsec for x-ray volume excitation, compared with T = 15.5 nsec for surface excitation by 45 kev electrons of the same Since qo = 0.9, TO = 10nsec corresponds to a natural radiative lifetime, in the absence of quenching, of Tf = 1/Kr = 11.1 nsec. This value should be approached at 0 OK, where 40 tends to unity, and a tends to zero. Liebson (1952) A further group of experimental data requires consideration, namely those on microcrystals (Hamilton 1957) and line powders (Schmillen et al. 1953) where photo-fluorescence decay times of -6.4 nsec, which are less than TO, have been observed on layers of d -0.1 p. It is proposed that this effect is due to thereduction of the microcrystalline size to the same order as the exciton mean free path in the bulk crystal ( N 0.1 p). When d -1, the mean free path of the exciton will be artificially reduced by encountering the crystal surface, resulting in its premature conversion into a photon. It is therefore suggested that T should decrease below TO with decrease in microcrystalline diameter, possibly tending towards a lower limit corresponding to isolated molecules in the gas phase (-3 nsec). Experimental evidence in support of this has been recently reported by A. Schmillen (private communication). Schmillen observed the ratio R of the intensities of the first two vibrational peaks in the anthracene emission spectrum of powders, which increases as d decreases. A monotonic decrease in T, down to -3 nsec, was observed as R increased.
It thus appears that a consistent description of the decay times of crystalline anthracene, which integrates a wide range of experimental data, has been obtained. It may be noted that no distinction is made between scintillation and photo-fluorescence decay times. This is in accord with the current description of the origin of the fast scintillation component as due to the direct excitation of higher 7-electronic states by the ionkin) radiation, and therefore equivalent to photo-excitation (Birks 1960) .
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